The rarity of primary angiitis of the central nervous system (PACNS) demands diagnostic and prognostic biomarkers. We retrospectively measured Neurofilament light chain (NFL) concentrations in cerebrospinal fluid in a severely relapsing PACNS patient at multiple time points during the course of the disease. A marked increase in NFL levels preceding the onset of neuro-axonal damage and arterial-vessel abnormalities was observed with magnetic resonance imaging as well as with MR-and conventional angiography. Thus, marked elevation of NFL in PACNS seems to occur ahead of definitive radiological abnormalities and might serve as a diagnostic biomarker.
Introduction
Primary angiitis of the central nervous system (PACNS) is rare, poorly understood and challenging to diagnose with currently available noninvasive diagnostics. 1 Conventional arterial angiography is a sensitive method for diagnosing PACNS, even in the absence of a histological analysis, but can turn out to be inconclusive in some cases. 2 Elevated levels of neurofilament light chain (NFL) in sera or in the cerebrospinal fluid (CSF) represent neuroaxonal damage and are proposed to have a predictive value concerning outcomes in patients suffering from inflammatory, neurodegenerative, and cerebrovascular diseases. [3] [4] [5] [6] Here we present a case of PACNS with normal initial clinical and radiological measurements (including conventional arterial angiography) but with an inflammatory CSF revealing highly elevated CSF-NFL concentrationswhich were discovered months before arterial-vessel involvement with pronounced parenchymal injury and severe neurological impairment were observed.
Case Report
A 44-year-old Caucasian male without known medical history was diagnosed with two events of stroke (07/2016 and 07/2017) corresponding to small ischemic lesions (9.0 9 6.6 mm and 9.4 9 7.9 mm) within the brainstem (Fig. 1B) . The cardiac and MRI/MR-angiography examinations and This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
the serum markers for generalized vasculitis were normal (Supplemental Text 1). CSF measurements repeatedly revealed a pleocytosis without oligoclonal bands, and microbiological analyses were unremarkable (Fig. 1A , Supplemental Text 1). Intravenous Acyclovir (3 9 750 mg/day), sulbactam/ampicillin (3 9 3 g/day), and ceftriaxone (2 g/ day) were initially administered and treatment was continued for 14 days. Follow-up examinations in 09/2017 and 11/ 2017 showed similar CSF results, again without serological or new radiological abnormalities, while the patient remained clinically stable (National Institutes of Health Stroke Scale [NIHSS] = 2 points). The anti-infective therapy was repeated. To exclude a causally related postinfective vasculitis, conventional angiography (11/2017) was initiated but did not reveal any evidence of vasculitis of medium or large vessels (Fig. 1C) .
In 02/2018, the patient developed a subacute left-sided moderate hemiparesis, diplopia, a severe dysarthria, and a substantial cognitive decline. MRI examination revealed multiple, bilateral subcortical infarctions, and tumor-like mass lesions in the midbrain and brainstem with partial gadolinium (Gd) enhancement (Fig. 1B) . Methylprednisolone (1 g/day for 5 days) was administered intravenously with only slight clinical improvement. At this point in time, the MR-and the conventional angiography displayed characteristic patterns for vasculitis 2 ( Fig. 1C and  D) ; CSF and serological parameters remained unchanged. Leptomeningeal and parenchymatous biopsies (03/2018) were performed stereotactically and showed results consistent with a vasculitis. PACNS was diagnosed and another intravenous treatment with methylprednisolone (500 mg/ day for 3 days) and 1 g cyclophosphamide (CYP) was initiated in 03/2018. One month later, MRI examinations revealed persisting Gd enhancement near the lenticulostriate and cerebellar arteries. Another high dose of methylprednisolone (1 g/d for 3 days) and CYP (1 g) was administered. In 05/2018, MRI abnormalities (T2 hyperintensities/Gd enhancement) declined and the patient remained clinically stable. Due to the subacute progressive clinical decline shortly after the last diagnosis without abnormal findings, we retrospectively measured CSF-NFL levels (ELISA kits: UmanDiagnostics NF-light â ) and could verify sustained, highly increased NFL levels (since 09/ 2017) compared to nonvasculitic stroke patients (Fig. 2) and in the absence of clinical and radiological signs of axonal injury (Fig. 1A) .
Discussion
Owing to the aggressive disease course of cerebral vasculitis, 2 our case was extensively assessed including radiological, serological, and CSF analysis. However, except for the increased CSF cell count, there was no initial evidence for PACNS or systemic vasculitis 7, 8 and thus immunosuppressive treatment was not started. Previous reports also described relapsing courses of PACNS, but showed clinically silent MRI pathologies and abnormal angiographies 9 which in turn led to early immunosuppressive treatment. 2 Here, the latency between highly increased CSF-NFL levels and the first indicative changes in the MRI and conventional angiography was remarkable. CSF-NFL measurements have recently been discovered to possess biomarker qualities in motor neuron 4 and autoimmune diseases, 4, 5 reflecting disease activity and clinical outcome even in early (pre)clinical disease stages. 4 Compared to ischemic lesions caused by other etiologies (embolic, microangiopathic) our patient demonstrated highly increased levels of CSF-NFL. In our small cohort of agematched controls with minor stroke (with comparable NIHSS) and with normal CSF parameters we measured CSF-NFL levels of~1000 pg/mL compared to > 40.000 pg/mL in our index-patient (Fig. 2) . Even for events of major stroke CSF-NFL levels are not described in that dimension, 10 nor were these levels reached in our previous study of neurodegenerative and chronic inflammatory diseases.
11
It is tempting to speculate whether the high CSF cell count in combination with two past cerebrovascular events in the absence of clinical and radiological pathologies, including conventional angiography, should already have led to the initiation of an immunosuppressive treatment. 1 Physicians need to keep in mind that the highly increased CSF cell count seems to be a rare case in PACNS. 7, 9 Thus, a multistep diagnostic approach is essential to prevent initially incorrect or delayed treatment. 7 To summarize, our case implies that NFL level analysis might be one piece of the puzzle to overcome the diagnostic dilemma of inflammatory CSF in the absence of other pathological findings, as it is a more reliable and faster tool than MRI or conventional angiography for detecting abnormalities and indicating axonal injury in PACNS. However, future studies with larger samples are required to evaluate the biomarker quality of NFL in PACNS.
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